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Introduction: The foot and ankle in rheumatoid arthritis undergo highly destructive synovitis
with  loss of muscle strength.
Objective: To evaluate the muscle strength of ankles in patients with rheumatoid arthritis
based on isokinetic dynamometry parameters.
Materials and methods: Thirty patients with a diagnosis of rheumatoid arthritis involving the
ankle(s) and 30 healthy subjects (control group) matched for age, gender, race, body mass
index and lower limb dominance were studied. Dorsiﬂexion, plantar ﬂexion, inversion and
eversion were evaluated in all subjects on an isokinetic Cybex Norm dynamometer. The
variables were compared between the rheumatoid arthritis and control groups and between
the  right and left ankles, and the dorsiﬂexor/plantar ﬂexor and invertor/evertor muscle
strength ratio was determined.
Results: Patients with rheumatoid arthritis performed statistically worse in the isokinetic
dynamometry test for all ankle movements. The muscle strength ratio between dorsiﬂexors
and  plantar ﬂexors was different in the two groups. No signiﬁcant differences were observed
in  the invertor and evertor ratios. In the two groups the plantar ﬂexor musculature was
statistically stronger than dorsiﬂexors.
Conclusion: We  conclude that patients with rheumatoid arthritis perform worse in isokinetic
dynamometry regarding all ankle movements than control subjects, with similar isokinetic
test results being observed for the right and left side in both groups, with few exceptions.
Isokinetic evaluation posed no additional risk such as important pain or inﬂammatory
activity to patients with rheumatoid arthritis.
© 2014 Elsevier Editora Ltda. All rights reserved.
Avaliac¸ão  isocinética  do  tornozelo  de  pacientes  com  artrite  reumatoidePalavras-chave:
Tornozelo
r  e  s  u  m  o
Introduc¸ão: O pé e o tornozelo na artrite reumatoide passam por sinovite altamente destru-
tiva,  com perda de forc¸a muscular.
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Avaliac¸ão isocinética
Pico de torque
Artrite reumatoide
Objetivo: Avaliar a forc¸a muscular do tornozelo de pacientes com artrite reumatoide com
base  em parâmetros da dinamometria isocinética.
Materiais e métodos: Foram estudados 30 pacientes com diagnóstico de artrite reumatoide.
O  estudo envolveu 30 indivíduos saudáveis (grupo controle) pareados por idade, sexo, etnia,
índice de massa corporal e dominância de membro inferior. Todos os indivíduos foram sub-
metidos a avaliac¸ão da ﬂexão dorsal, ﬂexão plantar, inversão e eversão com o dinamômetro
isocinético Cybex Norm. As variáveis foram comparadas entre os grupos artrite reuma-
toide e controle e entre os tornozelos direito e esquerdo. Foi determinada a relac¸ão de forc¸a
muscular  ﬂexores dorsais/ﬂexores plantares e inversores/eversores.
Resultados: Os pacientes com artrite reumatoide tiveram resultados estatisticamente piores
no  teste de dinamometria isocinética para todos os movimentos do tornozelo. A relac¸ão
de  forc¸a muscular entre ﬂexores dorsais e ﬂexores plantares foi diferente nos dois grupos.
Não foram observadas diferenc¸as signiﬁcativas na relac¸ão entre inversores e eversores. Nos
dois  grupos, os músculos ﬂexores plantares eram estatisticamente mais fortes do que os
ﬂexores dorsais.
Conclusão: Os pacientes com artrite reumatoide têm pior desempenho na dinamometria
isocinética em todos os movimentos do tornozelo do que os indivíduos do grupo cont-
role. Foram observados resultados semelhantes no teste isocinético para o lado direito e
esquerdo, em ambos os grupos, com poucas excec¸ões. A avaliac¸ão isocinética não repre-
sentou risco adicional, como dor importante ou atividade inﬂamatória, em pacientes com
artrite reumatoide.
© 2014 Elsevier Editora Ltda. Todos os direitos reservados.
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For the dorsiﬂexion/plantar ﬂexion test, the subject was
placed in the supine position on the bench, with the hip
and knee ﬂexed at 80◦ and 30◦, respectively. The knee wasntroduction
heumatoid arthritis (RA) is a chronic inﬂammatory disease
hat particularly involves the synovial joints in a symmetric,
enerally progressive manner.1,2 The ankle complex and feet
re commonly affected. In the latter case, the metatarsopha-
angeal joints are most frequently involved. Rheumatoid feet
nd ankles undergo episodes of highly destructive synovi-
is, which may lead to tendon rupture, subluxation, ﬂatfoot,
allux valgus, etc. With the progression of RA, patients may
xperience limitations and disabilities in the activities of daily
iving, mainly due to pain, gait abnormalities and self-care
ifﬁculties.3
The exact quantiﬁcation of muscle performance has
lways been a concern of health care professionals. Dur-
ng rehabilitation, the objective is to assess the patient and
valuate the effectiveness of therapeutic exercises designed
o help the patient regain muscle strength. The isokinetic
oncept of exercise was developed by Perrin in 1960 and
s used as an assessment method of muscle strength pro-
iding measurement to therapeutic effectiveness and it is
lso of help in recovering strength after injuries to the mus-
uloskeletal system. One of the advantages of isokinetic
xercise over other types is that it allows the assessment
f the maximum muscle potential throughout the range of
otion.4
RA causes muscle strength loss in patients stemming from
oint inﬂammation, pain and edema as well as disuse and a
oss of function.5–7
The aim of the present study was to assess ankle muscle
trength in patients with RA using isokinetic dynamometry.
he main isokinetic dynamometer parameters were corre-
ated with overall functional capacity and, speciﬁcally, the
unctional capacity of the ankle and foot joints.Materials  and  methods
Thirty patients with RA who fulﬁlled criteria of classiﬁcation
according to the American College of Rheumatology – ACR8
– and had involvement of the ankle(s) were included in the
study. Patients were consecutively selected from the outpa-
tient clinics of the Federal University of Sao Paulo (UNIFESP).
Thirty adults with no lower limb disease, paired for gender,
age, race, lower limb dominance and BMI with patients from
the RA group, were selected to the control group.
Exclusion criteria were any other type of lower limb disease
or injury, a history of joint surgery in the lower limbs, ankle
inﬁltrations over the previous 3 months, pregnancy, heart
disease, uncontrolled hypertension, coagulopathies, antico-
agulant therapy, severe joint instability or ﬁbromyalgia and
inability to perform the complete test. The study was approved
by the Ethics Committee of UNIFESP and all subjects signed a
term of informed consent.
All patients were submitted to an isokinetic test on a
Cybex Norm isokinetic dynamometer (Cybex International,
Inc., Ronkonkoma, NY), which had been previously calibrated
by a trained physiotherapist. The isokinetic test protocol fol-
lowed the instructions suggested by Perrin.5 Before the test, a
warm up for 5 min  on an ergometric bicycle (Metabolic Sys-
tem Bike, Cybex – Division of Lumex, Ronkonkoma, NY) at
a speed of 60 rpm was performed. The procedure was then
explained to the patient, who practiced the movements to be
tested at the same angular velocities in order to become famil-
iar with the test. The sequence of movements was randomized
for each subject. Both limbs were analyzed and the test was
standardized to start with the right lower limb.
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Table 1 – Characteristics of the patients and control
subjects.
RA group Control group
Gender (female/male) 28/2 28/2
Race (Caucasian/non-Caucasian) 23/7 24/6
Lower limb dominance (right/left) 27/3 28/2
Age (years) 50 (23–65) 51 (25–64)
BMI (kg/m2) 26 (19–31) 27 (20–33)
Disease duration (years) 11.2 (1.2–27) –
VAS at rest (cm) 3 (0.5–7) 0a
VAS during gait (cm) 5 (0.5–9) 0a
HAQ 1 (0.25–2.75) 0a
EPM-ROM 9.5 (4–14) 0a
FFI (pain) 53 (2.8–88.7) 0a
FFI (difﬁculty) 50 (0.9–95.8) 0a
FFI (limitation of ADL) 26 (2.5–93.7) 0a
Total FFI 41 (1.8–90.3) 0a
Data were presented as median (minimum–maximum); RA,
rheumatoid arthritis; VAS, visual analog scale for pain; HAQ, Health
Assessment Questionnaire; EPM-ROM, goniometry scale; FFI, Foot
Previous studies have demonstrated that isokinetic
dynamometry is a safe and reproducible procedure for
Table 2 – Range of motion for ankle movements.
RA group Control group p
Dorsiﬂexion R 15.53 (0.83) 19.6 (0.3) <0.001a
Dorsiﬂexion L 15.13 (0.90) 19.6 (0.3) <0.001a
Plantar ﬂexion R 37.46 (2.08) 42.1 (0.3) 0.03a
Plantar ﬂexion L 36.13 (2.04) 44.2 (0.7) <0.001a
Inversion R 22.73 (1.54) 37.9 (2.0) <0.001a
Inversion L 21.66 (1.33) 40.5 (1.0) <0.001a
Eversion R 18.06 (1.12) 21.4 (1.0) 0.01a
Eversion L 18.26 (1.12) 22.0 (0.9) 0.01a320  r e v b r a s r e u m a t
supported in the popliteal region. The knee, the ankle to
be tested and the lumbar region were ﬁxed with a resistant
pad. The contralateral foot remained on a support. The sub-
ject’s hands were placed on the armrests. Dorsiﬂexion/plantar
ﬂexion was tested at angular velocities of 30◦/s and 60◦/s.
Each movement  was repeated ﬁve times at the two veloci-
ties, with rest intervals of 30 s between each angular velocity.
For the inversion/eversion test, the subject was positioned
in the same manner as described for the previous test and
the position of the dynamometer was changed. These move-
ments were tested at angular velocities of 30◦/s and 60◦/s, with
each movement  being repeated ﬁve times at each velocity. The
isokinetic dynamometer parameters evaluated for the differ-
ent movements were peak torque (PT) and peak torque angle
(PTA).
The following parameters were evaluated:
• Pain in the ankles and/or feet – using visual analog scales
(VAS) ranging from 0 to 10 cm to evaluate pain at rest and
during gait.9
• Functional capacity – assessed using the Health Assessment
Questionnaire – HAQ.10,11
• Functional capacity of the ankle–foot complex – the Foot
Functional Index (FFI) is a speciﬁc questionnaire on the
foot.12,13
• Range of motion – using the EPM-ROM scale that is a speciﬁc
questionnaire on range of motion,14 and the ROM for ankle
was measured using a goniometer.
Statistical  analysis
Average quantitative variables were compared between the
two groups by the Student’s t-test for two independent sam-
ples. The Mann–Whitney test was only used for the isokinetic
data. The correlation between quantitative variables was
determined using Pearson’s correlation coefﬁcient.15 A signif-
icance level of  ˛ < 0.05 or 5% was accepted for all tests.
Results
In the RA group the participants were 2 men  and 28
women (23 Caucasians and 7 non-Caucasians) with an aver-
age age of 50.6 ± 1.8 years and body mass index (BMI) of
26.87 ± 0.93 kg/m2 and the control group was composed by 2
men  and 28 women (24 Caucasians and 6 non-Caucasians)
with an average age of 50.5 ± 2.1 years and BMI of 27.17 ± 0.75.
Table 1 displays the sample characteristics. The groups
were homogenous in terms of age, gender, race, weight,
height, BMI  and lower limb dominance. However, statistically
signiﬁcant differences between groups were observed in the
scores of VAS for ankle and/or foot pain, HAQ, EPM-ROM and
FFI.
Regarding the ankle ROM we  found a statistically difference
between groups with the RA group showing a decrease in the
ROM of ankles for all movements (Table 2).Isokinetic assessment of dorsiﬂexion and plantar ﬂex-
ion of the two ankles at angular velocities of 30 and 60◦/s
revealed signiﬁcantly lower PT values in the RA group for prac-
tically all parameters analyzed. In the isokinetic assessmentFunctional Index; ADL, activities of daily living.
a p statistically signiﬁcant.
of inversion, signiﬁcantly higher PT values were observed in
the control group for nearly all variables tested (Table 3).
Comparison of the right and left sides in each group
revealed similar PT values for all movements studied, except
for eversion at 30◦/s, which was higher on the left side in the
RA group, and plantar ﬂexion at 30◦/s, which was higher on
the right side in the control group (Table 3).
No signiﬁcant difference in PTA was observed between the
RA and control groups.
Weak to moderate correlations were observed between PT
and the HAQ, VAS (rest and gait) and FFI scores. In contrast, no
satisfactory correlations were observed between PT of ankle
movements and age, disease duration, BMI or EPM-ROM scores
(Table 4).
None of the patients reported experiencing pain during or
after the isokinetic test.
DiscussionData were presented as mean (standard error); RA, rheumatoid
arthritis; R, right; L, left.
a p statistically signiﬁcant.
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Table 3 – Peak torque for ankles.
PT right side PT left side
RA group Control group p RA group Control group p
Dorsiﬂexion 30◦/s 14.2 (2.4) 20.9 (2.1) 0.005a 12.0 (1.9) 20.6 (2.1) <0.001a
Dorsiﬂexion 60◦/s 10.4 (1.8) 17.7 (1.8) 0.001a 8.3 (1.4) 18.0 (1.9) <0.001a
Plantar ﬂexion 30◦/s 20.3 (2.19) 47.7 (4.43) <0.001a 17.9 (2.47) 43.0 (3.99) <0.001a
Plantar ﬂexion 60◦/s 13.1 (1.41) 36.9 (3.81) <0.001a 10.8 (1.80) 34.7 (3.24) <0.001a
Inversion 30◦/s 8.5 (0.8) 17.8 (1.2) <0.001a 8.4 (0.7) 17.9 (1.4) <0.001a
Inversion 60◦/s 6.5 (0.7) 13.4 (1.1) <0.001a 7.1 (0.6) 14.8 (1.1) <0.001a
Eversion 30◦/s 9.4 (0.7) 16.2 (0.9) <0.001a 7.1 (0.7) 16.3 (1.1) <0.001a
Eversion 60◦/s 7.6 (0.6) 13.3 (0.7) <0.001a 6.2 (0.6) 13.2 (0.8) <0.001a
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a p statistically signiﬁcant.
he assessment of knees, shoulders and ankles in patients
ith RA and juvenile rheumatoid arthritis.6,7,16,17 The safety
f this procedure was conﬁrmed in the present study, as none
f the patients reported experiencing pain during or after the
sokinetic test.
The results found for ROM for ankle show that there is a
ifference between RA patients and health controls and the
oderate correlation found between this parameter and the
T for all movements shows the direct inﬂuence between ROM
nd the strength of ankle muscles.
No standardization for the isokinetic assessment of ankle
trength is available. Differences in positions, angular veloc-
ties, populations and the isokinetic parameters analyzed
inder the comparison of our results with those obtained
n other studies. Functional standardization of ankle isoki-
etic tests is generally difﬁcult.18–21 Furthermore, in clinical
ractice, the extended-knee position is contraindicated in
atients presenting involvement of other lower limb joints
ith poor stretch in the hamstrings, or in cases of involvement
Table 4 – Correlation between peak torque and other variables 
VAS at rest p VAS during gait p 
PT right side
Dorsiﬂexion 30◦/s −0.09 0.633 −0.108 0.569
Dorsiﬂexion 60◦/s −0.026 0.891 −0.08 0.671
Plantar ﬂexion 30◦/s 0.057 0.764 −0.189 0.315
Plantar ﬂexion 60◦/s 0.068 0.718 −194 0.302
Inversion 30◦/s −0.365 0.047a −0.347 0.059
Inversion 60◦/s −0.237  0.02 −0.287 0.123
Eversion 30◦/s −0.284 0.127 −0.439 0.015
Eversion 60◦/s −0.091 0.63 −0.279 0.134
PT left side
Dorsiﬂexion 30◦/s 0.135 0.475 −0.224 0.234
Dorsiﬂexion 60◦/s 0.114 0.547 −0.051 0.788
Plantar ﬂexion 30◦/s −0.178 0.344 −0.29 0.119
Plantar ﬂexion 60◦/s −0.057 0.762 −0.224 0.233
Inversion 30◦/s −0.362 0.048a −495 0.005
Inversion 60◦/s −0.477 0.007a −0.405 0.026
Eversion 30◦/s −0.609 <0.001a −0.633 <0.001
Eversion 60◦/s −0.433 0.016a −0.478 0.008
RA, rheumatoid arthritis; PT, peak torque; VAS, visual analog scale for pain
Foot Functional Index.
a p statistically signiﬁcant.atoid arthritis.
of the sciatic nerve. Therefore, we  used a supine position
in the present study with 80◦ hip ﬂexion and 30◦ knee ﬂex-
ion. As this position was indicated by the manufacturer
of the dynamometer, it provides maximum comfort to the
patient.
In the present study, PT of all movements was signiﬁcantly
lower in the RA group. For the right lower limb (dominant
side), highest PT at angular velocities of 30 and 60◦/s was
observed for plantar ﬂexion, followed by dorsiﬂexion, eversion
and inversion, whereas for the left lower limb (non-dominant
side) the highest values were obtained for plantar ﬂexion, fol-
lowed by dorsiﬂexion, inversion and eversion. In the control
group, highest PT was observed for plantar ﬂexion followed
by dorsiﬂexion, inversion and eversion in both lower limbs.
All patients had stronger plantar ﬂexor than dorsiﬂexor mus-
culature in both ankles. Regarding inversion and eversion in
the RA group, the evertors were stronger than the invertors
in the dominant leg and the invertors were stronger than the
evertors in the non-dominant limb. In contrast, in the control
in the RA group.
HAQ p Ankle ROM p Total FFI p
 −0.266 0.154 −0.514 0.003a −0.256 0.171
 −0.161 0.394 −0.435 0.016a −0.258 0.168
 0.057 0.764 −0.399 0.028a −0.325 0.079
 0.068 0.718 −0.367 0.045a −0.329 0.075
 −0.4 0.028a −0.421 0.020a −0.407 0.025a
 −0.035 0.055 −0.392 0.032a −0.367 0.045a
a −0.333 0.071 −0.351 0.046a −0.41 0.024a
 −0.273 0.143 −0.282 0.013a −0.324 0.08
 −0.301 0.104 −0.373 0.041a −0.208 0.131
 0.114 0.547 −0.423 0.019a −0.248 0.184
 −0.426 0.018a −0.373 0.041a −0.406 0.025a
 −0.361 0.049a −0.36 0.050a −0.348 0.059
a −0.531 0.002a −0.633 <0.001a −0.594 <0.001a
a −546 0.001 −0.41 0.024a −0.403 0.027a
 −0.581 <0.001a −0.571 <0.001a −0.627 <0.001a
a −0.462 0.01 −0.478 0.002a −0.048 0.801
; HAQ, Health Assessment Questionnaire; ROM, range of motion; FFI,
 o l . 2322  r e v b r a s r e u m a t
group, the invertors were stronger than the evertors in both
legs.
Studying normal subjects, some authors reported higher
PT values for plantar ﬂexion and dorsiﬂexion22,23 than those
observed in the present study for the control group, but the
plantar ﬂexor/dorsiﬂexor ratio was similar. Dorsiﬂexion PT
values similar to those obtained here for the control group
were reported by Hombäck et al. who used the same knee
and hip angles, but with the subject in the sitting position,19
whereas Suzuki et al. obtained lower values.20 However, in all
these studies cited, especially those evaluating plantar ﬂex-
ion, the subject was positioned with the knee extended. These
variations in knee angle may have inﬂuenced the differences
in dorsiﬂexor and plantar ﬂexor PT observed between these
studies and the present investigation. However we  have to
be cautious doing this comparison because the sample from
these studies were very heterogeneous, for example Homback
et al. studied young men  and women,19 Suzuki et al. stud-
ied elderly women20 while Horstmann et al. studied sedentary
men.23
Wennerberg evaluated dorsiﬂexion and plantar ﬂexion in
athletes using the same position technique used in the present
study. On average, athletes presented higher dorsiﬂexion and
plantar ﬂexion PT than that observed among the control sub-
jects. Analysis of the literature demonstrates that normal
subjects have exhibited higher invertor and evertor PT than
that observed in the control group of our study as well.24 Stud-
ies involving normal subjects and athletes have conﬁrmed
that invertors are stronger than evertors.23,25–27 Our patients
with RA had more  strength in the evertors than invertors of
the right lower limb (dominant). This can be explained by the
involvement of the subtalar joint in the dominant leg, which
affects the invertor musculature. For both groups, the ankle
invertors of the left leg (non-dominant) were stronger than
the evertors.
No studies analyzing ankle isokinetic dynamometry in
patients with RA have been available until now. Bröstrom
et al. studied dorsiﬂexion and plantar ﬂexion muscle strength
in adolescents with polyarticular juvenile rheumatoid arthri-
tis and healthy age-matched controls, using pronation with
extension of the knees as the position for assessment. Con-
centric PT of the two movements was signiﬁcantly lower
in the arthritis group compared to the control group. More-
over, the plantar ﬂexor musculature was stronger than
the dorsiﬂexor musculature. The authors suggested that a
decrease in muscle strength may affect functions in daily
activities, such as gait, and reduce levels of physical activ-
ity, but they did not use any instrument to verify these
correlations.16
The variations in PT values reported in different stud-
ies may be attributed to differences in positions, angular
velocities and number of repetitions used for isokinetic
dynamometry. We  have to take into account too that
RA patients have presence of inﬂammation, secondary
osteoarthritis, limited ROM, involvement of multiple joints
and all of these can inﬂuence the results in the isokinetic test.
Standardization of the isokinetic testing method for patients
with diseases that affect the ankle–foot complex, normal
subjects and athletes is necessary for comparisons of such
studies. 0 1 5;5 5(4):318–324
Muscle strength asymmetry for some movements, which
did not necessarily coincide with lower limb dominance, was
observed in both the RA and control groups. Most of the
patients with RA and controls were right-footed, with no sig-
niﬁcant difference between groups. However, a signiﬁcant
difference was observed when comparing evertor PT, which
was  higher on the left side in the RA group at 30◦/s. In the con-
trol group, plantar ﬂexor PT was higher on the right at 30◦/s.
A study involving normal subjects with right lower limb dom-
inance demonstrated signiﬁcantly greater isometric plantar
strength in this leg compared to the non-dominant (left) leg.25
In the present study, we tested isokinetic PT, which does not
appear to be related to limb dominance, i.e., muscle strength is
the same, although a predominant involvement of one or the
other side is observed in some patients, which is in agreement
with some studies.6,7,28,29
In the present study, no signiﬁcant difference in PTA was
observed between the RA and control groups. Studying dorsi-
ﬂexion and plantar ﬂexion PTA in normal subjects, Horstmann
et al. reported higher values than those observed in the
present control group. However, torque acceleration time was
signiﬁcantly higher in the control group for all movements
and angular velocities tested.23 Thus, patients with RA require
more  time to reach PTA, which is the same as that of normal
subjects, and once reached, PT is lower.
Muscle weakness next to an inﬂamed joint is the result of
muscle inactivity, as atrophy has a direct effect on the patient’s
muscle strength.30,31 Patients with RA treated with corticoste-
roids for long periods may present atrophy due to inactivity
and the use of these drugs, which cause a reduction in the
volume of type II muscle ﬁbers.32,33
In the present study, most patients (76.6%) concomitantly
used corticosteroids. As the number of patients who did not
use these drugs was very low, no statistical analysis was pos-
sible. These ﬁndings agree with some studies that conducted
isometric and isokinetic assessments of the joints of patients
with RA or JRA and found that these patients in fact lose up to
75% of their muscle strength.6,7,29
We  observed only weak to moderate correlations between
PT and FFI scores. This suggests that extensive ankle strength
is not necessarily required for good functional capacity. Max-
imum strength is not needed for the execution of daily
activities. Speciﬁcally regarding the HAQ, no good correlations
with the isokinetic ankle variables were observed. This was
likely due to the fact that the HAQ is a global questionnaire that
involves the joints of the entire body and activities for which
other muscle groups of the lower and upper limbs are funda-
mental. It should be noted that involvement of the ankles and
feet as well as limitations and disabilities resulting from the
involvement of the knees and hips interfere with lower limb
activities in patients with RA. This may explain the lack of sat-
isfactory correlations between the isokinetic assessment and
the questionnaires used.
In the present study, moderate and weak correlations were
observed between PT and VAS scores at rest and during gait.
These correlations may be explained by the muscle reﬂex
inhibition mechanism, in which joint involvement causes a
reduction in muscle activity with a consequent weakness of
the muscle groups next to joint even in the absence of pain or
in the presence of reduced pain.34
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Although no important correlations between ankle mus-
le strength and functional disability were observed in the
resent study, some investigations have reported gait abnor-
alities in patients with some type of involvement of the
nkle–foot complex as that observed in patients with RA. Such
bnormalities include a reduction in the propulsion phase
nd gait velocity, an increase in the number of steps and a
eduction in step length, events that markedly increase energy
xpenditure. Similar to the present study, Shih et al. also
bserved a decrease in ankle dorsiﬂexor and plantar ﬂexor
orque in traumatic arthritis and concluded that this alter-
tion was responsible for the reduced propulsion phase of gait
n patients.4
We  observed signiﬁcant differences in the ratio of the ankle
orsiﬂexor to plantar ﬂexor musculature between the two
roups. This ﬁnding suggests that the reduction of muscle
trength observed in patients with RA is higher in the plantar
exors than dorsiﬂexors. In contrast, no signiﬁcant differences
ere observed in the invertor to evertor ratios, demonstrat-
ng a proportional loss of muscle strength in the invertor and
vertor musculature in RA. These ﬁndings suggest that both
orsiﬂexors and plantar ﬂexors should be strengthened during
nkle and foot rehabilitation of patients with RA, with special
mphasis on the plantar ﬂexor musculature and proportional
trengthening of the invertor and evertor muscles.
One of the limitations of our study is that we do not evalu-
te the disease activity and the dosage of the medications used
as not evaluated too and both of these parameters could
nﬂuence our results.
We conclude that patients with RA perform worse in isoki-
etic dynamometry than control subjects regarding all ankle
ovements and similar isokinetic test results were observed
or the right and left side in both groups, with few exceptions.
eak correlations were found between PT and foot function
nd pain. The isokinetic assessment caused no additional risk
uch as excessive pain or inﬂammatory activity in patients
ith RA.
onﬂict  of  interest
he authors declare no conﬂicts of interest.
 e  f  e  r  e  n  c  e  s
1. Halberg P, Applelboom T. Rheumatoid arthritis/history. In:
Hochberg MC, Silman AJ, Smolen JS, Weinblatt ME, Weisman
MH,  editors. Rheumatology, vol. l, 3rd ed. Spain: Mosby; 2003.
p.  753–6.
2. O’Dell JR, Imboden JB, Hellmann DB, Stone JH. Current
rheumatology diagnosis & treatment. New York: Lange
Medical Books; 2004. p. 145–50.
3. Bàlint GP, Korda J, Hangody L, Bálint P. Foot and ankle
disorders. Best Pract Res Clin Rheumatol. 2003;17:87–111.
4. Perrin DH. Isokinetic exercise and assessment. Champaign:
Human Kinetic Publishers; 1993.
5. Shih LY, Wu  JJ, Lo WH.  Changes in gait and maximum ankle
torque in patients with ankle arthritis. Foot Ankle.
1993;14:97–103.
6. Watanabe SH, Silva AC, Andrade MS, Natour J. Isokinetic
evaluation of the rheumatoid shoulder Annual European
2 5;5 5(4):318–324 323
Congress Rheumatology – Estocolmo. Ann Rheum Dis.
2002;61:161.
7. Meireles SM, Oliveira LM, Andrade MS, Silva AC, Natour J.
Isokinetic evaluation of the knee in patients with rheumatoid
arthritis. Joint Bone Spine. 2001;69:566–73.
8. Arnett FC, Edworth SM, Bloch DA, Mcsane DJ, Cooper NS,
Healey LA, et al. The American Rheumatism Association 1987
revised criteria for the classiﬁcation of rheumatoid. Arthritis
Rheum. 1998;31:315–24.
9. Ferraz MB, Quaresma MR, Aquino LR, Atra E, Tugwell P,
Goldsmith CH. Reliability of pain scales in the assessment of
literate and illiterate patients with rheumatoid arthritis. J
Rheumatol. 1990;17:1022–4.
0. Fries JF, Spitz P, Kraines RG, Holman HR. Measurement of
patient outcome in arthritis. Arthritis Rheum. 1980;23:137–45.
1. Ferraz MB, Oliveira LM, Araujo PM, Atra E, Tugwell P.
Crosscultural reliability of the physical ability dimension of
the health assessment questionnaire. Rheumatology.
1990;17:813–7.
2. Budiman-Mak E, Conrad KJ, Roach KE. The foot functional
index: a measure of foot pain and disability. J Clin Epidemiol.
1991;44:561–70.
3. Oliveira LM, Alves ACM, Mizuzaki J, Natour J. Adaptac¸ão e
validac¸ão  para a língua portuguesa do The Foot Function
Index (FFI). Rev Bras Reumatol. 2002;42 Suppl. 1:PO63.
4. Ferraz MB, Oliveira LM, Araújo PMP, Atra E, Walter SD.
EPM-ROM scale: an evaluative instrument to be used in
rheumatoid arthritis trials. Clin Exp Rheumatol. 1990;8:491–4.
5. Conover WJ.  Practical nonparametric statistics. 2nd ed. New
York: John Wiley & Sons, Inc.; 1980.
6. Broström E, Nordlund MM, Cresswell AG. Plantar and
dorsiﬂexor strength in prepubertal girls with juvenile
idiopathic arthritis. Arch Phys Med Rehabil. 2004;85:1224–30.
7. Hedegren E, Knuston LM, Hanglund-Âkerlind Y, Hagelberg S.
Lower extremity isometric joint torque in children with
juvenile chronic arthritis. Scand J Rheumatol. 2001;30:69–76.
8. Camels PM, Nellen M, Van der Borne I, Joudin P, Minaire P.
Concentric and eccentric isokinetic assessment of
ﬂexor–extensor torque ratios at the hip, knee, and ankle in a
sample population of healthy subjects. Arch Phys Med
Rehabil. 1997;78:1224–30.
9. Hombäck AM, Porter MM, Downham D, Lexell J. Reliability of
isokinetic ankle dorsiﬂexion strength measurements in
healthy young men and women. Scand J Rehabil Med.
1999;31:229–39.
0. Suzuki T, Bean JF, Fielding RA. Muscle power of the ankle
ﬂexors predicts functional performance in
community-dwelling older women. J Am Geriatr Soc.
2001;49:1161–7.
1. Yaggie JA, McGregor SJ. Effects of isokinetic ankle fatigue in
the maintenance of balance and postural limits. Arch Phys
Med Rehabil. 2002;83:224–8.
2. Woodson C, Bandy WD, Curis D, Baldwin D. Relationship of
isokinetic peak torque with work and power for ankle plantar
ﬂexion and dorsiﬂexion. J Orthop Sports Phys Ther.
1995;22:113–5.
3. Horstmann T, Maschmann J, Mayer HC, Heitkamp M,  Handel
H. The inﬂuence of age on isokinetic torque of the upper and
lower leg musculature in sedentary men. Int J Sports Med.
1999;20:362–7.
4. Wennerberg D. Reliability of an isokinetic dorsiﬂexion and
plantarﬂexion apparatus. Am J Sports Med. 1991;19:519–22.
5. Damholt V, Lermansen NB. Asymmetry of plantar ﬂexion
strength in the foot. Acta Orthop Scand. 1978;49:215–9.
6. Gross MT, Brugnolotti JC. Relationship between multiple
predictor variables and normal Biodex eversion–inversion
peak torque and angular work. J Orthop Sports Phys Ther.
1992;15:24–31.
 o l . 2
2
2
2
3
3
3
3324  r e v b r a s r e u m a t
7. Leslie M, Zachazewski J, Browne P. Reliability of isokinetic
torque values for ankle invertors and evertors. J Orthop
Sports Phys Ther. 1990;12:612–6.
8. Goslin MT, Charteris J. Isokinetic dynamometer: normative
data for clinical use in lower extremity (knee) cases. Scand J
Rehabil Med. 1979;11:105–9.
9. Lyngberg KK, Ramsing BU, Nawrocki A, Harreby M,
Danneskiold-Samsoe B. Safe and effective isokinetic knee
extension training in rheumatoid arthritis. Arthritis Rheum.
1994;37:623–8.
0. Brooke MH, Kaplan H. Muscle pathology in rheumatoid
arthritis, polymyalgia rheumatica, and polymyositis. Acta
Path. 1972;94:101–18.
3 0 1 5;5 5(4):318–324
1. Edström L, Nordeman R. Differential changes in type I and
type II muscle ﬁbers in rheumatoid arthritis. Scand J
Rheumatol. 1994;3:155–60.
2. Miró O, Pedrol E, Casademont J, Garcia-Carrasco M,  Sanmarti
R,  Cebrián M, et al. Muscle involvement in rheumatoid
arthritis: clinicopathological study of 21 symptomatic cases.
Semin Arthritis Rheum. 1996;25:421–8.
3. Stokes M, Young A. The contribution of reﬂex inhibition to
arthrogenous muscle weakness. Clin Rehabil. 1984;67:
7–14.
4. Hamilton J, Brydson G, Fraser S, Grant M.  Walking ability as a
measure of treatment effect in early rheumatoid arthritis.
Clin Rehabil. 2001;15:142–7.
